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ABSTRACT 
Natural cleanup of sewage water has great attention in the recent years. Natural remediation and 
bioremediation were tested to reduce the heavy metal pollutants of sewage water which collected from 
El-Suff district, Giza Governorate, Egypt (29 º 34- 38= N latitude and 31º 17- 26= E longitude). The 
treatments were Biochar, Zeolite, Cyanobacteria (Trichormus variabilis) and a mixture of all tested 
materials. The treated samples were subjected to determine total dissolved solids (TDS), N-NO3, 
phosphorus, biological oxygen demand (BOD), chemical oxygen demand (COD) and some heavy 
metals (Fe, Cd and Ni) 10, 20 and 30 days to assess its suitability for irrigation use. All treatments 
demonstrated an effective clean-up activity and decreasing the concentration of heavy metals, with the 
mixture of three tested materials that being the most successful, followed by zeolite and biochar then, 
cyanobacteria  Trichorumus variabilisas individual treatments. 
 
Keywords: Swage water, Natural remediation, Bioremediation, Cyanobacteria, Trichorumus 

variabilisas, Zeolite, Biochar. 

 
1. Introduction 

Pollution is considered as one of the biggest challenges to humanity.   So, research is being 
conducted to execute the notion of pollutants removal from wastes. Water is one of the most impacted 
environmental aspects, as it is constantly polluted with heavy metals from many sources (Visa, 2016). 

Access to a clean and affordable water supply (SDG Goal 6) is one of the sustainable 
development goals (SDGs) adopted by the United Nations in 2015, with Target 6.1: By 2030, achieve 
universal and equitable access to safe and affordable drinking water for all. Increased urbanization has 
an impact on water quality because pollutants generated in cities settle and pollute water and because 
cities, industries, and agriculture are competing for more water (Zhang et al., 2021) 

There are several approaches to transform wastewater environmental issues into effective, 
commercially feasible techniques of energy production and water recycling. Recycling wastewater is 
so important for water conservation (Abedi et al., 2019). Generally, physical and chemical remediation 
procedures for the removal of organic contaminants are commonly used. Although these approaches 
are considered appropriate for removing organic contaminants from the environmental sites, but they 
are expensive and difficult to apply (Selvi et al., 2019). Bioremediation is an environmentally beneficial 
method of cleaning up contaminated soil and polluted water. Biological treatment can be achieved in a 
variety of methods, including the use of mixed microbial cultures such as bacteria, fungus and algae for 
pollutant bioremediation (Azab, 2008). 

Biochar made from agricultural residual is becoming more widely recognized as  
a versatile material for several purposes (Yakout, 2015). It is a complex carbonaceous matrix that can 
be produced easily and cheaply by pyrolyzing bio wastes under oxygen-limited conditions (Shaheen et 
al., 2019). Biochar produced from bio waste is gaining popularity as an economical and sustainable 
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resource with numerous environmental applications (Bandara et al., 2020). It has been extensively 
researched and has prospective applications in agriculture, environment, and energy to provide food 
security (Li et al., 2019) clean environment and adequate energy due to its low cost, wide availability 
and eco-friendliness (He, et al., 2018). Biochar is being used as a bio-sorbent for the removal of toxic 
metal (Li et al., 2020), and other emerging contaminants such as antibiotics. Thus the removal efficiency 
of emerging pollutants can be improved through some modification (e.g., combined biochar with 
nanotechnology or microorganism) to improve the electron donor ability of biochar (Yuan et al., 2017).  

Zeolites play an important role in the conversion of solid and liquid hazardous wastes into 
environmentally acceptable products (Shevade and Ford, 2004). Natural zeolites are hydrated alumino-
silicate materials with remarkable ion-exchange and sorption capabilities that are both environmentally 
and economically acceptable. Their efficiency in various technological processes is determined by their 
physical-chemical qualities, which are inextricably linked to their geological deposits. Natural zeolites 
have a wide range of applications due to their distinctive tree dimensional porous structure. Natural 
zeolites are cationic exchangers due to an excess of negative charge on the surface of the zeolite caused 
by isomorphic replacement of silicon by aluminum in the basic structural units. Numerous 
investigations have demonstrated their remarkable efficacy in removing metal cations from wastewaters 
(Margeta et al., 2014). 

Phyco-remediation has been utilized to treat municipal wastewater as a cost-effective nutrient-
removal technology utilizing microalgae since around 1963, from the advantages of phyco-remediation, 
removal, transformation, or degradation of nutrients, organic matter, acids, metals and xenobiotic 
compounds, as well as the use of algae as an environmental monitoring system for toxic material 
detection and the production of high-value metabolites (Esquivel-Hernández. et al., 2017).  

Cyanobacteria (Trichorumus variabilisas) are unusual creatures with a high degree of 
environmental adaption. They may respond to various forms of organic pollutants in various ways, 
ranging from bioaccumulation to biodegradation; they have an enormous potential to adapt and grow 
in environments with low fluid potential. In arid environments, they can tolerate salinity and they can 
grow in hypersaline environments. Cyanobacteria Trichorumus variabilisas can successfully be 
employed to remediate contaminated environments due to their diverse metabolism and ability to 
quickly convert from one phase of growth to another (Zinicovscaia and Cepoi, 2016). Trichormus 
variabilis in terms of the various types of bioenergy and nutrient removal potential, synonyms of 
Trichormus variabilis, such as Anabaena variabilis (Abedi et al., 2019). 

The study aims to assess the effectiveness of using zeolite, biochar and cyanobacteria 
(Trichormus variabilis) as remediation agents to remediate sewage water even separately or in 
combination. 

2. Materials and Methods 
The study was carried out in Soils, Water and Environment Research Institute, Agricultural 

Research Center, Giza, Egypt. Samples of sewage water were collected from El-Suff district, Giza 
Governorate, Egypt (29 º 34-

 38=
 N latitude and 31 º 17-

 26=
 E longitude). 

2.1. Natural and Biological remediation agents  
Zeolite, Biochar and Trichormus variabilis cyanobacterial strain along with were supplied by 

Agric. Microbiology and Chemical & Physical Departments, Soils, Water and Environ. Res. Inst., ARC, 
Giza, Egypt. 

2.2. Experimental Design  
Chemical and biological analysis for sewage water 

The water assay were (pH), total dissolved solids (TDS), nitrate (NO3), phosphorous (P), 
biological oxygen demand (BOD), chemical oxygen demand (COD), Cadmium (Cd), Ferric (Fe) and 
Nickel (Ni) were measured before starting the experiment (initial analysis) and every 10 days for three 
times, also assess. The difference between the initial and final values provided an estimate of microalgae 
phyco-remediation. 

100 ml of sewage water was put it in suitable conical flasks. Each flask received one of the 
following materials: 10 g zeolite, 10 g biochar, 10 ml cyanobacteria (6 * 102 CFU/ml) and a mixture of 
all previous materials, while the control flask received none of tested materials (five treatments). Each 
treatment was replicated three times (total of 15 flasks). Every ten days, one flask from each treatment 
was taken and analyzed. 
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Microalgae Trichormus variabilis cells were subculture in BG11 media prior to reaching the 
stationary phase. Before using it for microalgae culture, BG11 medium was sterilized in an autoclave 
for 15 minutes at 121ºC.  

 

3. Results and Discussion 
3.1. Initial chemical properties of sewage effluent 

Table 1 shows some initial chemical properties of sewage effluent before treatments. 
Schwarzenbach et al. (2010) reported that the chemical parameters including pH, TDS, TSS, BOD, 
COD, nutrients and heavy metals indicate the wastewater quality. The clean and wastewater had BOD 
values of 2 and 10 mg L-1, respectively, The BOD value of sewage effluent under study was exceeded 
than limits of the Egyptian Law (48/1982) for wastewater (Isukul et al., 2023). The primary factors for 
determining irrigation water quality are pH and TDS. The chemical parameters are important indicator 
to evaluate wastewater pollution of organic and inorganic materials contents (Eman et al., 2023) and 
reuse it with quality criteria for crops irrigation (FAO, 2015). 

 
Table1: Some chemical properties of sewage effluent 

pH SAR 
COD BOD TSS TDS PO4 NO3 Ca Mg Na Cu Cd Fe Ni 

mgO2L-1 mgL-1 µgL-1 

7.4 12.4 94.3 65.6 18.4 379.8 2.43 0.97 39.6 15.5 79.6 32.6 25.8 318.5 51.4 

SAR: sodium adsorption ratio, COD: Chemical oxygen demand, BOD: biological oxygen demand, TSS: total suspended 
solids,  TDS: total dissolved solids 

 
3.2. Effect of different treatments with natural materials on sewage effluent after 10 days 

Bio and natural treatments were found to be a positive effective on sewage effluent properties 
(pH, TDS, NO3, P, BOD, COD, Cd, Fe and Ni)  

The results in Table 2 showed that all treatments under study led to decrease in wastewater 
chemical parameters values after 10 days, but the more evident with combination of all treatments. 
Almost, the trend of treatments as following: the combination of all treats > zeolite treat > biochar treat> 
Trichormus variabilis treat, while zeolite treat was the better to reduce Na, Cu, Cd, Fe and Ni. 

  
Table 2: Some chemical properties of sewage effluent after 10 days treatment 

Treatments pH SAR 
COD BOD TSS TDS PO4 NO3 

mgO2L-1 mgL-1 
Zeolite 7.2a 10.79c 59.6c 57.5b 11.7d 271.6c 1.81c 0.50d 
Biochar 7.3a 11.68b 63.2c 59.3a 12.5c 280.1b 1.95a 0.59a 
Trichormus variabilis 7.3a 12.22a 72.5b 60.2a 13.6b 286.5a 1.77d 0.54c 
Mix of all treats 7.2a 10.31c 57.3d 55.8c 9.8e 267.3d 1.61e 0.49d 

 
Table 2: Continued  

Treatments 
Ca Mg Na Cu Cd Fe Ni 

mgL-1 µgL-1 
Zeolite 30.5c 11.7c 51.8d 9.5e 10.3d 196.8c 28.8d 
Biochar 33.8b 12.2b 55.5c 11.4d 12.8c 207.5b 31.3c 
Trichormus variabilis 33.6b 12.8a 56.3b 12.3c 14.5a 210.3b 33.3b 
Mix of all treats 32.4b 11.2c 52.6c 10.2d 10.6d 198.6c 30.5c 

SAR: sodium adsorption ratio, COD: Chemical oxygen demand, BOD: biological oxygen demand, TSS: total 
suspended solids,  
TDS: total dissolved solids 
Means within each line followed by the same letter are not significantly different (p<0.05) 

Also, it was clear from the previous Table that the Trichormus variabilis treatment was better to 
reduce PO4 concentration in sewage effluent than zeolite and biochar treatments with values were 1.77, 
1.81 and 1.95mgL-1, respectively, but the mix of all treats was the best with value 1.61mgL-1. The results 
revealed that all treatments decrease both nitrogen and phosphorous concentration in sewage effluent 
and it's agreed with those obtained by Sharma et al. (2020). Trichormus variabilis have long been 
employed as low-cost remediates for phosphorus (P) and nitrogen (N)-rich residential wastewaters, 
converting these nutrients into biomass (Singh et al., 2011). Microalgae can utilize N and P present in 
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the wastewater as nutrients source to support its growth. Nitrogen is absorbed by algae in the form of 
nitrate and ammonia, whereas phosphorus is absorbed in the form of phosphoric acid (Lam et al., 2017). 

 
3.2. Effect of different treatments with natural materials on sewage effluent after 20 days 

Chemical oxygen demand (COD) and biological oxygen demand (BOD) are good indicators of 
the amount of organic contaminants in wastewater. Wastewater with high BOD and COD levels limits 
the availability of soluble oxygen to aquatic life. So, before releasing wastewater into fresh water 
bodies, BOD and COD loads should be lowered. 

 
Table 3: Some chemical properties of sewage effluent after 20 days treatment 

Treatments pH SAR 
COD BOD TSS TDS PO4 NO3 

mgO2L-1 mgL-1 
Zeolite 7.1a 8.66c 53.5c 48.8c 8.6c 182.2c 1.51b 0.41b 
Biochar 7.2a 10.51b 57.4b 51.7b 11.3b 204.5b 1.66a 0.52a 
Trichormus variabilis 7.4a 13.56a 62.6a 55.8a 13.5a 221.4a 1.68a 0.55a 

Mix of all treats. 7.2a 9.22c 52.8c 46.5c 8.5c 178.6d 1.31c 0.39b 

 
Table 3: Continued 

Treatments 
Ca Mg Na Cu Cd Fe Ni 

mgL-1 µgL-1 
Zeolite 26.8b 10.2b 46.5b 7.3d 7.6c 150.3b 19.6c 
Biochar 29.3a 11.5a 50.2a 9.8c 9.7b 198.2a 23.5b 
Trichormus variabilis 28.5a 11.6a 51.4a 11.5b 11.2a 196.5a 29.5a 

Mix of all treats. 23.6c 9.8b 45.3b 8.5c 8.3b 152.8b 17.7c 

SAR: sodium adsorption ratio, COD: Chemical oxygen demand, BOD: biological oxygen demand,  
TSS: total suspended solids, TDS: total dissolved solids 
Means within each line followed by the same letter are not significantly different (p<0.05) 

 
The results in Table 3 showed that after 20 days of treatment, the same previous trend was in 

reducing pollutant concentrations. The results showed that all tested treatments were clearly effective 
in reducing the concentration of nutrients, microelements, and heavy metals from sewage effluent under 
study (El-Hameed Mona et al., 2021). Heavy metals that polluted water are significant environmental 
problem (Ramadan et al., 2020). Heavy metals in wastewater can be handled with a range of 
technologies, including chemical, physical and biological methods (El-Bestawy, 2019). 

The biochar treatment recording a positive effect to removal of all heavy metals because of its 
surface heterogeneity, biochar might have a high sorption capacity for metallic pollutants, similar to 
activated carbon (Kasozi et al., 2010). Due to metallic ions can be physically sorbed onto the surface 
of the char and held within the pores, biochar with high surface areas and pore volumes have a high 
affinity for metals absorbance (Kumar et al., 2011). Various metals can interact with specific ligands 
and functional groups on biochar to form complexes (Wang et al., 2015) or precipitates of their solid 
mineral phases (Inyang et al., 2012). Algae and cyanobacteria prefer to grow on heavy metals present 
in wastewater, so absorb it with large amount (Wan Maznah

 
et al., 2014).

 
3.3. Effect of different treatments with natural materials on sewage effluent after 30 days 

After 30 days, all treatments showed a considerable decrease in all chemical parameters of 
sewage effluent under study especially with zeolite and biochar treatments. 

The results in Table 4 showed a decrease in the COD and BOD values after 30 days of treatment, 
with values of 50.4 and 45.6, 52.7 and 50.2, 66.8 and 53.6 and 54.3 and 48.3 mg O2L

-1for zeolite, 
biochar, Trichormus variabilis and mix treatments, respectively. The effect of biochar removal 
efficiency on COD, BOD, and TDS was became increase more obvious with time. This finding was 
consistent with that obtained by Karthikeyan et al. (2019). Currently, biochar is a promising material 
as an adsorption agent of toxins, which could also help reduce water pollution (Tan et al., 2015). 

Salgueiro et al. (2016) found that an increase in the growing period would increase the 
concentration of microalgae cells, which can be ascribed to increased glucose uptake and COD and 
BOD elimination. In general, organic matter sorption on biochar is a complex process that is regulated 
by polarity, hydrophobicity, aromaticity, and molecular size (Nguyen et al., 2007). 
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Table 4: Some chemical properties of sewage effluent after 30 days treatment 

Treatments 
pH SAR COD BOD TSS TDS PO4 NO3 

  mgO2L-1 mgL-1 
Zeolite 7.1a 7.48d 50.4b 45.4c 7.4c 171.5d 1.46d 0.37d 
Biochar 7.1a 9.89c 52.7b 50.2b 9.5b 193.2b 1.60b 0.48b 
Trichormus variabilis 7.5a 15.33a 66.8a 53.6a 14.6a 226.8a 1.71a 0.58a 
Mix of all treat. 7.3a 10.41c 54.3b 48.3b 9.2b 185.4c 1.53c 0.40c 
 

Table 4: Continued 

Treatments 
Ca Mg Na Cu Cd Fe Ni 

mgL-1 µgL-1 
Zeolite 23.3b 10.0b 41.3c 6.4c 5.9c 132.5e 15.5c 
Biochar 27.5b 10.1b 47.6b 7.5c 8.5b 163.8c 18.9b 
Trichormus variabilis 31.2a 12.3a 53.5a 10.8b 10.6a 185.4b 24.3a 
Mix of all treat. 26.8a 11.4b 46.5b 7.9c 7.9b 150.2d 16.9b 

SAR: sodium adsorption ratio, COD: Chemical oxygen demand, BOD: biological oxygen demand,  
TSS: total suspended solids, TDS: total dissolved solids 
Means within each line followed by the same letter are not significantly different (

p
<0.05)

 

Furthermore, use zeolite, biochar, mix of all treatments and Trichormus variabilis led to decrease 
of COD values with percentage as follows: 46.6, 44.1, 42.4 and 29.2%, respectively, and were reduced 
BOD values with percentage as follows 30.8, 23.5, 26.4 and18.3%, respectively, compared to the initial 
data. Zeolite was the best treatment, which led to decrease COD and BOD values after 30 days. Because 
of the steric hindrance of different molecule sizes, the effective contact and interception effects on 
biological carbon vary and thus the adsorption process and adsorption impact differ. The treatment of 
contaminated water with microbial/photosynthetic bacteria and microalgae-bacteria media significantly 
degrades organic matter and eliminates COD and BOD with effective effect (Sheng et al., 2012). The 
development of low-cost and effective ecological engineering approaches, as well as the selection or 
natural growth of specific bacteria is important to the success of this process. The high rate of COD and 
BOD removal indicating that microalgae species can survive and thrive at high COD and BOD levels 
(Wang et al., 2012). 

Use of natural materials in treating polluted water with adsorption mechanism is considered an 
effective method (Tasić et al., 2019).  Using zeolite achieved decreasing of COD and BOD (Zheng et 
al., 2015). The organic molecules from the wastewater trapped in the pores of zeolite could be 
responsible for the reduction of COD and BOD (Fanta et al., 2019). Zeolite features (ion exchange 
capability, large surface area) have also been used in many biological processes. Zeolite have a three-
dimensional structure made up of (Si, Al) O4 tetrahedral connected at all of their oxygen vertices. These 
channels allow for the exchange of cations and H2O molecules to balance the negative charge left over 
from the isomorphous substitution. Because the aluminum ion is so tiny, take up the position in the 
four-sided tetrahedron's center, the substitution of Al3+ for Si4+ and the presence of oxygen atoms 
produce a Lattice's negative charge is balanced by the interchangeable replacement of the cation 
(sodium, potassium, or calcium) of heavy metals (Yuna, 2016). The exchange of Fe, Cd and Ni ions 
with zeolite was described by Hong et al., (2019) whom found that while the process for copper, lead 
and nickel exchange was related to the cation exchange capabilities of the zeolite framework, the 
mechanism for metal ion uptake was related to pore design. 

Irrigation water with high TDS causes salt deposition and increases soil water osmotic potential, 
reducing crop water availability and productivity (Zaman et al., 2018). Total dissolved solids (TDS) are 
the total quantity of metals, cations, anions, minerals and salt those have been dissolved in water. To 
avoid secondary soil salinization, the TDS value of irrigation water should be less than 250mgL-1. The 
initial TDS value of sewage effluent was 379.8 mgL-1, and after 30 days of tested natural materials, 
TDS values were reduced significantly. The zeolite treatment showed evidence decrease (171.5 mg/L), 
followed by mixture of all treatments (185.4 mg/L). The total dissolved solids (TDS) were reduced by 
54.9 and 51.2% for zeolite and mix of all treatments, respectively, compared to the initial data of sewage 
effluent. The zeolite material is more effective for reducing the TDS in wastewater. Trichormus 
variabilis cyanobacterial strain was effective to reduce TDS in sewage effluent according to Khan et 
al., (2019). They stated that TDS was reduced due to the consumption of dissolved solid from 
wastewater, which is nutrition rich for the growth of microalgae (Malla et al., 2015). Because of the 
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presence of diverse agents, the combination of treatments demonstrated realized the utmost reduction 
in COD, BOD and TDS. These results agreed with those obtained by Wu et al. (2009) whom reported 
that the employment of microbial technology in conjunction with other techniques has shown 
reasonable efficacy in the remediation of polluted water.

 

4. Conclusion 
Biochar, zeolite and cyanobacteria (Trichormus variabilis) might be effective remediation agents 

of sewage water. Zeolite and biochar are physical agents, whereas Trichormus variabilis is a biological 
agent and all of them can be used to purify sewage water as individual treatments. However, mixture of 
these materials are advised in sewage water remediation to increase the likelihood that the wastewater 
can be used in the irrigation process. More research is needed to optimize the use of diverse 
concentrations of zeolite and biochar, as well as duration in wastewater treatment experiments.

  
5. Acknowledgement 

The authors would like to thank the project of “Establishment of National Network for 
Conversation and Handling of Microbial Culture (Nitrogen Fixers Strains)” Agriculture Research 
Center branch which provides us with potent cyanobacterial strain (Trichormus variabilis) for 
performing this research activity.                                    

References 
Abd El-Razik, E.M., S.A. El Tohamy, and D.H. Khafagy, 2023.  A Qualitative and Quantitative Study 

on El-Gharbia Main Drain Wastewater J. of Soil Sciences and Agricultural Engineering, 
Mansoura Univ.,14 (6):163 – 169. 

Abedi, S., F.R. Astaraei, B. Ghobadian, O. Tavakoli, H. Jalili, S. Chivasa, and H.C. Greenwell, 2019. 
Bioenergy production using Trichormus variabilis–a review. Biofuels., Bioproducts and 
Biorefining, 13(5): 1365-1382. 

Azab, M.S., 2008. Waste-waste treatment technology and environmental management using sawdust 
bio-mixture. J. Taibah Univ. Sci., 1:12–23   

Bandara, T., A. Franks, J. Xu, N. Bolan, H. Wang, and C. Tang, 2020. Chemical and biological 
immobilization mechanisms of potentially toxic elements in biochar-amended soils, Critical 
Rev. Environ. Sci. Technol. 

Cao, X., L. Ma, B. Gao, and W. Harris, 2009. Dairy-manure derived biochar effectively sorbs 
lead and atrazine. Environmental Science & Technology.43: 3285–3291. 

Dong, X.L., L.N.Q. Ma, and Y.C. Li, 2011. Characteristics and mechanisms of hexavalent chromium 
removal by biochar from sugar beet tailing. Journal of Hazardous Materials, 190: 909–915. 

Egyptian Law, 48/1982. The Implementer Regulations for law 48/1982 regarding the protection of the 
River Nile and water ways from pollution. Map. Periodical Bull. 3–4 Dec., 12–35. 

El Bestawy, E., 2019. Efficiency of immobilized cyanobacteria in heavy metals removal from industrial 
effluents. Desalination Water Treat, 159: 66-78. 

El-Hameed, Mona M. Abd, E.A. Mohamed, A. Nadhir, A. Shady, A.B. Gomaa, G.-A. Yeboah and M. 
Ali, 2021. "Phycoremediation of contaminated water by cadmium (Cd) using two 
cyanobacterial strains (Trichormus variabilis and Nostoc muscorum)." Environmental Sciences 
Europe, 33(1): 1-10. 

Esquivel-Hernández, D.A., I.P. Ibarra-Garza, J. RodríguezRodríguez, S.P. Cuéllar-Bermúdez, M.D.J. 
Rostro-Alanis, G.S. Alemán-Nava et al., 2017. Green extraction technologies forhigh-value 
metabolites from algae: a review. Biofuels Bioprod Biorefin, 11:215–231. 

Fanta, F.T., A.A. Dubale, D.F. Bebizuh, and M. Atlabachew, 2019. Copper doped zeolite composite for 
antimicrobial activity and heavy metal removal from waste water. BMC chemistry, 13: 1-12. 

FAO. 2015. The state of food insecurity in the world. Meeting the international hunger targets: taking 
stock of uneven progress. Food and Agriculture Organization of the United Nations (FAO), 
Rome. 

Gaur, N., and R. Dhankhar, 2009. Removal of Zn+2 ions from aqueous solution using Anabaena 
variabilis: equilibrium and kinetic studies. Int. J. Environ. Res., 3:605–616. 

He, S.L.L. Ding, X. Wang, Y. Pan, H.D. Hu, K. Li, and H.Q. Ren, 2018. Biochar carrier application for 
nitrogen removal of domestic WWTPs in winter: challenges and opportunities, Appl. 
Microbiol. Biotechnol. 102: 9411–9418. 



Middle East J. Appl. Sci., 13(4): 561-568, 2023 
EISSN: 2706 -7947    ISSN: 2077- 4613                                        DOI: 10.36632/mejas/2023.13.4.38 

567 

Hong, M.L.Y., Y. Wang, J. Zhang, Z. Chen, L. Dong, Q. Zan, R. Li, 2019. Heavy metal adsorption with 
zeolites: The role of hierarchical pore architecture, Chemical Engineering Journal, 359: 363- 
372. 

Inyang, M., B. Gao, Y. Yao, Y. Xue, A.R. Zimmerman, P. Pullammanappallil, and X. 
Cao, 2012. Removal of heavy metals from aqueous solution by biochars derived from 
anaerobically digested biomass. Bioresource Technology, 110: 50–56. 

Isukul, A.O., G.J. Udom, and R.U. Ideozu, 2023. Post Impact of Hydrocarbon Spillage on 
Physicochemical Parameters and Heavy Metals in the Santa Barbara River, Nembe, Bayelsa 
State. International Journal of Geosciences, 14: 935-954. 

Kanchana, S., J. Jeyanthi, R. Kathiravan, K. Suganya, 2014. Biosorption of heavy metals using algae: 
a review, Int. J.   Pharm. Med. &Biol. Sci., 3:9. 

Karthikeyan, P., H.A.T. Banu, and S. Meenakshi, 2019. Removal of phosphate and nitrate ions from 
aqueous solution using La3+ incorporated chitosan biopolymeric matrix membrane. 
International Journal of Biological Macromolecules, 124: 492–504. 

Kasozi, G.N., A.R. Zimmerman, P. Nkedi-Kizza, and B. Gao, 2010. Catechol and humic acidsorption 
onto a range of laboratory-produced black carbons (biochars). Environmental Science & 
Technology, 44: 6189–6195. 

Khan, S.A., G.K. Sharma, M.A. Fayaz, A. Kumar, Rashmi and N. Gupta, 2019. Biorefinery potential 
of algal biomass grown insewage wastewater forphycoremediation, biodiesel and 
manureproduction. Journal of Cleaner Production, 211:1412-1419. 

Kumar, S., V.A. Loganathan, R.B. Gupta, and M.O. Barnett, 2011. An assessment of U(VI) 
removal from groundwater using biochar produced from hydrothermal carbonization. Journal 
of Environmental Management, 92: 2504–2512. 

Lam, M.K. and K.T. Lee, 2012. Immobilization as a feasible method to simplify theseparation of 
microalgae from water for biodiesel production. Chem. Eng. J. 191: 263–268. 

Li, J.W., J. Zhang, L. Zheng, D. Chen, S.M. Shaheen, J. Rinklebe, Y.S. Ok, H. Wang, and W. Wu, 
2020. Coconut-fiber biochar reduced the bioavailability of lead but increased its translocation 
rate in rice plants: Elucidation of immobilization mechanisms and significance of iron plaque 
barrier on roots using spectroscopic techniques, J. Hazard. Mater. 389: 122117. 

Li, Z.C., Z.L. Song, B.P. Singh, and  H.L. Wang, 2019. The impact of crop residue biochars on silicon 
and nutrient cycles in croplands, Sci. Total Environ., 659: 673–680. 

Liu, J.Z., Y.H. Wu, C.X. Wu, K. Muylaert, W. Vyverman, H.Q. Yu, R. Muñoz, B. Rittmann, 2017. 
Advanced nutrient removal from surface water by a consortium of attached microalgae and 
bacteria: A review. Bioresour. Technol., 241: 1127–1137. 

Luo, X., Q. Yan, C. Wang, C. Luo and N. Zhou, 2015. Treatment of Ammonia Nitrogen Wastewater in 
Low Concentration by Two-Stage Ozonization Int. J. Environ. Res. Public Health, 12:11975–
87. 

Malla, F.A., S.A. Khan, R. Khan, G.K. Sharma, N. Gupta and G. Abraham, 2015. Phycoremediation 
potential of Chlorella minutissima on primary and tertiary treated wastewater for nutrient 
removal and biodiesel production. Ecological Engineering, 75:343–349. 

Montalvo, S., L. Guerrero, R. Borja, E. Sanchez, Z. Milan, I. Cortes, and M.A. de la laRubia, 2012. 
Application of natural zeolites in anaerobic digestion processes: A review. Applied Clay 
Science, 58:125-133. 

Nguyen, T.H., H.H. Cho, D.L. Poster, and W.P. Ball, 2007. Evidence for a pore-filling mechanism in 
the adsorption of aromatic hydrocarbons to a natural wood char. Environmental Science & 
Technology, 41(4): 1212–1217. 

Nie, Z.Y., X.D. Wu, H.M. Huang, X.M. Fang, C. Xu, J.Y. Wu, X.Q. Liang, and  J.Y. Shi, Tracking 
fluorescent dissolved organic matter in multistage rivers using EEM-PARAFAC analysis: 
Implications of the secondary tributary remediation for watershed management. Environ. Sci. 
Pollut. Res., 23: 8756–8769. 

Ramadan, M.M., A. Amal, and K.A. Abd-Elsalam, 2020. Micro/nano biochar for sustainableplant 
health: present status and future prospects, in: A. Kamel, Abd-Elsalam (Eds.), Carbon 
Nanomaterials for Agri-Food and Environmental Applications, Elsevier BV, 323–357. 



Middle East J. Appl. Sci., 13(4): 561-568, 2023 
EISSN: 2706 -7947    ISSN: 2077- 4613                                        DOI: 10.36632/mejas/2023.13.4.38 

568 

Salgueiro, J.L., L. Perez, R. Maceiras, A. Sanchez, and A. Cancela, 2016. Bioremediation of wastewater 
using Chlorella vulgaris microalgae: phosphorus and organic matter. Int. J. Environ. Res. 10: 
465–470. 

Sallal, A.K.J., Growth of algae and cyanobacteria on sewage effluents, Microb. Lett., 20 : 7–13. 
Selvi, A., A. Rajasekar, J. Theerthagiri, A. Ananthaselvam, K. Sathishkumar, J. Madhavan, and  P.K. 

Rahman, 2019. Integrated remediation processes toward heavymetal removal/recovery from 
various environments - Areview. Frontiers in Environmental Science, 7, 66. 

Shaheen, S.M., N.K. Niazi, N.E.E. Hassan, I. Bibi, H. Wang, D.C.W. Tsang, Y.S. Ok, N. Bolan, J. 
Rinklebe, 2019. Wood-based biochar for the removal of potentially toxicelements in water and 
wastewater: a critical review, Int. Mater. Rev. 64: 216–247. 

Sheng, Y.Q., F.Z. Chen, G.Y. Sheng, and J.M. Fu, 2012. Water quality remediation in a heavily polluted 
tidal river inGuangzhou, south China. Aquat. Ecosyst. Health Manag., 15: 219–226. 

Shevade, S. and R.G. Ford, 2004. Use of synthetic zeolites for arsenate removal from pollutant 
water. Water research, 38(14-15): 3197-3204. 

Tan, X.F., Y.G. Liu, G. Zeng, et al., 2015. Application of biochar for the removal ofpollutants from 
aqueous solutions, Chemosphere, 125: 70–85. 

Tang, J.X., Y.T. Jin, Z.L. He, Q.Y. Hou, and C.T. Zhao, 2018. A review of researches on biochar 
adsorbing organic contaminants and its mechanism and influence factors. IOP Conf. Series: 
Materials Science and Engineering, 392. 

Tasić, Z.Z., G.D. Bogdanović, M.M. Antonijević, 2019. Application of Natural Zeolite in Wastewater 
Treatment. Journal of Mining and Metallurgy, 55 A (1) 67 – 79. 

Vikrant, K., K.H. Kim, Y.S. Ok, D.C.W. Tsang, Y.F. Tsang, B.S. Giri, and R.S. Singh, 2018. 
Engineered/designer biochar for the removal of phosphate in water and wastewater, Sci. Total 
Environ., 616:1242–1260. 

Visa, M., 2016. Synthesis and characterization of new zeolite materials obtained from fly ash for heavy 
metals removal in advanced wastewater treatment. Powder Technology, 294: 338-347. 

Wan Maznah, A.T. Al-Fawwaz and  M. Surif, 2012. Biosorption of copper and zinc byimmobilized and 
free algal biomass and the effects of metalbiosorption on the growth and cellular structure of 
Chlorella sp. and Clamydomonas sp. isolated from rivers in Penang, Malaysia. J. Environ. Sci., 
24(8): 1386–1393. 

Wang, S.S., B. Gao, A.R. Zimmerman, Y.C. Li, L. Ma, W.G. Harris, and K.W. 
Migliaccio, 2015. Removal of arsenic by magnetic biochar prepared from pinewood and natural 
hematite. Bioresource Technology 175: 391–395. 

Wei, D.N., B.Y. Li, H.L. Huang, L. Luo, J.C. Zhang, Y. Yang, J.J. Guo, L. Tang, G.M. Zeng, and Y.Y. 
Zhou, 2018. Biochar-based functional materials in the purification of agricultural wastewater: 
Fabrication, application and future research needs. Chemosphere, 197: 165–180. 

Wu, W.Z., Y. Liu, Q. Zhu, C.J. Wei, J.L. Wang, 2009. Remediation of polluted river water by biological 
contact 
oxidation process using two types of carriers. Int. J. Environ. Pollut., 38: 223–234. 

Yakout, S.M., 2015. Monitoring the changes of chemical properties of rice straw–derived biochars 
modified by different oxidizing agents and their adsorptive performance for 
organics. Bioremediation Journal, 19(2): 171-182. 

Yuan, Y., N. Bolan, A. Prevoteau, M. Vithanage, J.K. Biswas, Y.S. Ok, and H.L. Wang, 2017. 
Applications of biochar in redox-mediated reactions, Bioresource Technol. 246: 271–281. 

Yuna, Z., 2016. Review of the natural, modified and synthetic zeolites for heavy metals removal from 
wastewater. Environmental Engineering Science, 33(7): 443-454. 

Zaman, M., S.A. Shahid, and L. Heng, 2018. Irrigation systems and zones of salinity development. In 
Guideline for Salinity Assessment, Mitigation and Adaptation Using Nuclear and Related 
Techniques; Springer: Cham, Switzerland, 91–111.  

             https://doi.org/10.1007/978-3-319-96190-3 
Zhang, Q.-Q., C. Xing, Y.-Y. Cai, X.-T. Yan, and G.-G. Ying, 2021. How much do human and livestock 

actually contribute to steroids emission and surface water pollution from past to the future: A 
global research.Sci. Total Environ,772: 145558. 

Zinicovscaia, I. and L. Cepoi, eds., 2016. Cyanobacteria for bioremediation of wastewaters (1-124). 
Basel, Switzerland: Springer International Publishing. 




